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ABSTRACT 

The chance projection of the disk of Mrk 1456 onto a background QSO is 
similar to the case of SBS 1543+593/HS 1543+5921. Mrk 1456 is a luminous, 
late-type spiral at z « 0.05. Though the QSO, SDSS J114719.90+522923.2 at 
z ~ 2, has not yet been observed with ultraviolet spectroscopy, it shows strong 
Ca II absorption at the redshift of Mrk 1456 which gives evidence that it is 
a possible Damped Lyman Alpha absorber. Spectroscopy of the star-forming 
nucleus of Mrk 1456 allows us to apply emission-line diagnostics to infer the 
chemical abundances at the center of the galaxy, and to make a prediction of the 
expected metallicity on the sightline to the QSO. 

Subject headings: Quasar absorption lines - galaxies: individual (Mrk 1456), 
abundances 



Introduction 



The processes by which gas cools and collects into dark matter halos, to form stars 
and luminous galaxies, are topics of great interest in galaxy evolution studies. High column 
density gas clouds, traced through the Damped Lyman Alpha (DLA) absorption lines seen in 
the spectra of QSOs (see Wolfe et al. 2005), appear to be the main reservoir of cool, neutral 
gas in the Universe. They are also believed to evolve and form into typical, present-day, disk 
galaxies (Wolfe et al. 1986; Storrie-Lombardi et al. 1996; Kauffmann 1996; Mo et al. 1998; 
Storrie-Lombardi & Wolfe 2000; Cen et al. 2003). 

DLAs have enabled us to follow the evolution of the bulk of the neutral gas in the 
Universe regardless of whether it emits light or not. For redshifts greater than about 1.6, the 
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Lyman alpha line shifts into the optical, where, together with a range of diagnostic metal 
absorption lines, it can be observed with ground-based telescopes. DLAs have afforded us 
with information on the line-of-sight kinematic properties of the gas (Briggs et al. 1985; 
Prochaska & Wolfe 1997), its element abundances, (Lu et al. 1996; Pettini et al. 1997; 
Prochaska et al. 2003), and star-formation rates (Wolfe et al. 2003). The derived gas 
properties are, in some respects, similar to those found in giant spirals in the local Universe, 
while in others, they resemble more closely those of local dwarfs. Unfortunately, we know 
almost nothing about the galaxies in which this gas resides. The column density of N m > 
10 20 3 atoms cm -2 , that defines a DLA system (Wolfe et al. 1986), has physical significance 
because it is typical of the threshold column density for the onset of star formation (Kennicutt 
1998). Accordingly, DLAs should be associated with visible galaxies, the so-called DLA 
galaxies. Yet the detection of DLA galaxies has proven difficult at all redshifts, and the 
host-galaxy nature of the DLAs and their evolution with redshift remains an open question 
(Haehnelt et al. 1998; Cen et al. 2003; Nagamine et al. 2004a,b). 

At high redshifts, the detection of a DLA galaxy is difficult because of the brightness of 
the QSO and the small angular separation between the QSO and the galaxy (c.f. Wolfe et al. 
2005). While over 600 DLAs with z > 1.6 are available for follow-up observation (Wolfe et al. 
2005), only eight DLA galaxies have been detected in emission (Pettini et al. 1995; M0ller et 
al. 2002; Weatherley et al. 2005). The DLA galaxies exhibit a range of regular and irregular 
morphologies, which is perhaps not a surprise considering that the galaxies' images are in the 
rest-frame ultraviolet (M0ller et al. 2002). Similar morphologies are seen among the Lyman 
Break Galaxies (LBG) (M0ller et al. 2002), a class of high- redshift galaxies selected by their 
emission properties (Steidel & Hamiltion 1992). At present, the relationship between the 
absorption-selected DLA galaxies and the emission-selected LBGs remains to be determined 
(Colbert & Malkan 2002; M0ller et al. 2002). 

While DLA galaxies should be more easily detected at low redshifts, follow-up searches 
for the visible counterparts of z < 1.6 DLAs have not been entirely successful either. There 
are many fewer DLAs available to study at lower redshifts, because the interception proba- 
bility per unit redshift at low-z is reduced, and because the Lyman alpha line can only be 
observed using the scarce resource of space telescopes (Wolfe et al. 2005). Of the 24 DLA 
systems known at redshifts below 1.6, only about half have had the corresponding DLA 
galaxy identified. Less than half of those turn out to be luminous spiral galaxies with the 
remaining detections (as well as the non-detections) being interpreted as low surface bright- 
ness galaxies or dwarf galaxies (Le Brun et al. 1997; Chen & Lanzetta 2003; Rao et al. 2003). 
It should be noted that a potential bias against finding luminous spiral galaxies among low-z 
DLAs may have arisen from the very fact that DLAs have traditionally been selected by 
targeting bright QSOs (Wolfe et al. 2005), which, historically, have been identified based on 
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their stellar-like appearance on sky survey plates (e.g., Schmidt & Green 1983; Hazard 1991; 
Hewitt & Burbidge 1993; Veron-Cetty & Veron 2003). 

An obvious approach to uncover the connection between the DLAs and the galaxies 
in which they reside, is to search for DLA lines that known low redshift galaxies cause in 
the spectra of more distant QSOs. This is not a new idea (see e.g., Burbidge et al. 1971; 
Bowen et al. 1991), but an idea that we revived given the vast numbers of low-redshift 
galaxies and of QSOs found in the Sloan Digital Sky Survey (SDSS, York et al. 2000). 
This methodology to search for DLAs based on a visible galaxy clearly has its own biases. 
Specifically, since the SDSS main galaxy sample is magnitude limited (Strauss et al. 2002), 
our selection favors the detection of giant over dwarf DLA galaxies and in that respect, 
may be considered complementary to the traditional selection method. To this end, we 
correlated the SDSS DR4 QSO catalog (Schneider et al. 2005) with the DR4 main galaxy 
catalog (Strauss et al. 2002) and inspected the resulting galaxy-QSO matches. We reduced 
this list by considering only those galaxy-QSO pairs for which (a) the impact parameters 
are smaller than the galaxy's Petrosian radius, (b) SDSS spectra are available for both the 
galaxy and the QSO, (c) z(QSO)> ^(galaxy), (d) the QSO's spectrum exhibits a strong Call 
doublet at the redshift of the foreground galaxy (Cherinka et al. 2007). Thus we identified 
the luminous spiral galaxy Mrk 1456 and its background QSO. 

Mrk 1456 (=SBS1144+527A=SDSS J114720.20+522918.6, z = 0.0476) is located in 
front of the QSO SDSS J114719.90+522923.2 (z = 1.990). The QSO sightline intercepts the 
galaxy within its stellar disk. This chance projection of a background QSO with a galaxy at 
low redshift is reminiscent of the galaxy-QSO pair SBS 1543+593/HS 1543+5921 discovered 
by Reimers & Hagen (1998). SBS 1543+593 is the only DLA galaxy which has been studied 
in detail in emission as well as in absorption (Bowen et al. 2005; Schulte-Ladbeck et al. 
2004, 2005). Before Reimers & Hagen (1998) pronounced the object a galaxy-QSO pair, 
SBS 1543+593 was thought to be a Seyfert galaxy with the QSO constituting its active 
nucleus. In an interesting parallel, Takase & Miyauchi-Isobe (1984) list Mrk 1456 as an 
ultraviolet-excess galaxy with a "double nucleus". SBS 1543+593 turned out to be a DLA 
when Hubble Space Telescope (HST) was trained on HS 1543+5921 for follow-up ultraviolet 
spectroscopy (Bowen et al. 2001). 

Here, we present an analysis of photometry and spectroscopy of Mrk 1456, and show 
that it is a giant spiral with an oxygen abundance that is typical of its luminosity. We also 
examine the QSO's spectrum for absorption lines from the foreground galaxy, and, based 
on the strength of the Call K line, find that Mrk 1456 is a candidate DLA system. We 
discuss our findings in the context of chemical abundances for star-forming galaxies (SFG) 
and DLAs, and make suggestions for future observations. 
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2. The Data 

For both, the QSO and the galaxy, we use the pipeline reduced and flux-calibrated data 
from the SDSS. Photometric and spectroscopic data are available for both objects. The 
fibers were placed on the center of the galaxy and on the QSO (see also Fig. 1). The QSO 
sightline intercepts the disk of the galaxy at a separation of 5.3arcsec from its center or at 
a physical distance of 4.9 kpc (H = 70kms~ 1 Mpc~ 1 , Vt m = 0.3, and fi A = 0.7). The QSO 
is in the background at a redshift of z — 1.990 ± 0.001 while the redshift of Mrk 1456 is 
z = 0.0476 ± 0.0001. The spectra, shown in Fig. 2, cover the wavelength range from 3815 A 
to 9205 A, i.e. the rest- wavelength range of the spectrum of Mrk 1456 is 3640 A to 8785 A 
and for the QSO 1276 A to 3079 A. 

The measurements of the emission line fluxes were performed by fitting Gaussians to 
the lines. The la errors in the fluxes due to photon noise were estimated using the error 
spectrum provided by SDSS and assuming Poisson statistics. The la error in the continuum 
placement was taken to be one third of the mean noise of the continuum in the spectral region 
around the measured lines. The total error for each line measurement was determined by 
error propagation. For US, H7, and H/5, the line fitting included the underlying stellar 
absorption. For the Ha line, the absorption was swamped by emission, therefore we adopted 
the correction method recommended by Hopkins et al. (2003), for SDSS spectra, to calculate 
the line flux. The 3a upper limits for undetected lines were calculated from the SDSS error 
spectrum. 

We note that all spectroscopically derived parameters of the galaxy pertain to the area 
surrounding its nucleus enclosed by the 3 arcsec diameter fiber, which, at the distance of 
Mrk 1456, encompasses an area of 7r(2.8 kpc/2) 2 = 6.2 kpc 2 . 

Figure 3 shows the calcium absorption lines caused by the galaxy in the spectrum of 
the QSO. The equivalent widths (EW) and width errors were measured by smoothing the 
spectrum with a boxcar of 3 pixels prior to the application of the line-fitting procedure 
outlined above. 



3. Galaxy morphology, luminosity and size 

Mrk 1456 has an angular r-band Petrosian radius of 7.7±0.2 arcsec (or a physical radius 
of 7.0±0.2kpc). We used the code of Blanton et al. (2003) to k-correct the ugriz observa- 
tions. They were subsequently corrected for foreground and internal absorption. Foreground 
reddening, E(B — V) = 0.024 mag, and absorption, A B = 0.105 mag, were determined from 
the maps of Schlegel et al. (1998). For the internal absorption correction, we assumed 
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the absorption derived for the nuclear region using the Balmer lines (see next section) ap- 
plies to the entire galaxy. Using the color transformations of Smith et al. (2002), we find 
Mb = —21.0 ± 0.2. This makes Mrk 1456 a giant, rather than a dwarf (M# <J —18) galaxy 
(Binggeli et al. 1985). We derive L/L* = 1.1 ± 0.2 when using M B = —20.9 (Marinoni et 
al. 1999). 

Upon visual inspection of the images and spectrum of Mrk 1456, we find that it resem- 
bles a spiral galaxy. By employing the criteria established in Kewley et al. (2001) to our 
measurements of the diagnostic line ratios of [OIII]/H/3, [Nil] /Ha, [SII]/Ha, and [01] /Ha, 
we conclude that Mrk 1456 is a SFG, rather than an AGN. The comparison of the spectrum 
with the templates from Kennicutt (1992) suggests that it is a spiral of Sc subtype. The 
inverse concentration index in the r band (0.45), together with the extinction-corrected Pet- 
rosian ugriz colors, place Mrk 1456 among the Sc galaxies (Strateva et al. 2001; Shimasaku 
et al. 2001). Mrk 1456 was observed in the Two Micron All Sky Survey (2MASS). Following 
Girardi et al. (2003), its B-K color is consistent with the Sc subtype. 

The following data allow us to address the inclination of the disk of Mrk 1456. The 
minor-to- major axis ratio in the r band resulting from an exponential fit to the profile is 
0.724±0.007. In the K band, this axis ratio is 0.720. Both, r and K, measure the light from 
the underlying older stellar population in the disk of Mrk 1456. Assuming an axis ratio of 
0.72 and following Tully & Fisher (1977), we derive an inclination of 45° for Mrk 1456. 

4. Reddening and starformation rate 

The reddening of QSO spectra caused by intervening galaxies was investigated by 
Ostman et al. (2006). They noted that Mrk 1456 and its QSO as one of two very low-z 
cases in their sample. They determine that Ry is close to the average Milky Way value of 
R v = 3.1. 

The flux ratio F(Ha)/F(Hf3) = 4.33 ± 0.36 (see Tab. 1) is larger than the case B 
recombination value of 2.86 for the "standard" n e = 100 cm" 3 and T e = 10 4 K HII region 
density and temperature (Osterbrock 1989). From this Balmer-line ratio and using the 
reddening law of Cardelli et al. (1989) we derive E(B — V) = 0.42±0.08 mag, A v = 1.3 mag, 
and A B = 1.7 mag assuming R v = 3.1. 

Using Kennicutt (1998), we calculate a nuclear star-formation rate (SFR) of 0.68 ± 
0.13M Q /yr from the Ha luminosity (corrected for stellar absorption and foreground and 
internal dust absorption). 
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Following Hopkins et al. (2003) we find the global SFR from the Petrosian u-band 
magnitude, 1.3 ± O.5M /yr. 



4.1. Oxygen abundance from spectral line indices 

We use the 03N2 index proposed by Pettini & Pagel (2004), 03N2 = log [g^ggZ /Jg^ 
together with their empirical calibration to the observed data (their Eq. 3), to calculate the 
oxygen abundance. We derive an oxygen abundance of 12 + log ^ = 8.6 ± 0.1 ± 0.14 (where 
the first error denotes our measurement error and the second error is the systematic error of 
the calibration). 

Using the solar abundance of Holweger (2001), 12 + log§ = 8.74 ± 0.08, we derive a 
solar-relative abundance of [0/H] n = —0.1 ± 0.2 1 for the nucleus of Mrk 1456. 

This value is confirmed by using the N2 = log [NII j^ 583 index together with Eq. 2 of 
Pettini & Pagel (2004). We derive 12 + log § = 8.5 ± 0.2 ± 0.18 or [0/H] n = -0.2 ± 0.3. 

For further comparison, the R23 method (McGaugh 1991; Kobulnicky et al. 1999a), 
which is calibrated on photoionization models, yields 12 + log § = 8.7 ± 0.2 ± 0.10 or a solar 
oxygen abundance. 

In summary, all three methods indicate a solar metallicity for the nucleus of Mrk 1456. 
This is in agreement with the observation of Shi et al. (2005) that the mean offsets between 
these three calibrators are of the same order as their systematic errors. 



4.2. Electron Density and Temperature 

We use the IRAF/STSDAS package nebular (Shaw & Dufour 1995) with the task temden 
to calculate the electron density (n e ) and temperature (T e ) for the emission line spectrum. 
Some lines are so weak that we can only measure an upper limit for the flux (see Tab. 1). As 
a consequence, we can only determine the lower limit of the electron density and the upper 
limit of the electron temperature. First we assume an effective temperature of 10000 K and 
calculate n e using the [SII]6718, 6732 line ratio. Using that n e , we derive an upper limit for 
the temperature using the [SII] and [OIII] ratios. After two iterations we derive a lower limit 
for n e > 22 cm" 2 and an upper limit for the T e < 7500 K. 



1 We will use the following notation: [X/Y] = log jv[y-j — log %\y] _ > [^/^h denotes abundance in the 



neutral gas phase and [X/F]n denotes the abundance in the ionized gas phase. 
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We can also apply a reverse approach by assuming that the oxygen abundance derived 
by the strong line indices is the true oxygen abundance. Adding Eq. 3 and Eq. 5 of Izotov 
et al. (2006) for the abundances of the two ionization states + and 2+ and assuming 
Q = + j^-, we derived a temperature of T e {0 2+ ) = 6800 ± 1000 K, when using 12 + 
\og(0 / H) = 8.6 ± 0.2 and an electron density of n e (S + ) = 22 ± 2 cm -2 . This is consistent 
with the upper limit derived above. In the following we will use this electron density and 
temperature. 

4.3. Sulfur and Nitrogen Abundances 

Following Izotov et al. (2006), we calculate the abundances of S + , S 2+ , and N + and 
the corresponding ionization correction factors (ICFs) from the emission line measurements 
given in Tab. 1. For sulfur we derive 12 + log = 6.9 ± 0.2 and 12 + log ^ = 7.4 ± 0.4. 
The ICF(S + + S 2+ ) = 0.95. This leads to 12 + log ^ = 7.5 ± 0.5 or [S/H] u = 0.3 ± 0.3 
using the solar sulfur abundance of 7.20 ± 0.06 (Grevesse & Sauval 1998). 

For nitrogen we calculate 12 + log ^ = 7.8 ± 0.3 and an ICF{N + ) = 1.60. The total 
nitrogen abundance 12 + log = 8.0. With a solar abundance of 7.931 ± 0.111 (Holweger 
2001) we derive [N/H]n = 0.1±0.3. The nitrogen over oxygen abundance is log N/O = —0.6. 

5. Abundances on the line of sight to the QSO 

The QSO SDSS Jl 14719.90+522923.2 intercepts the disk of Mrk 1456 at a distance that 
is smaller than its optical radius. We searched for absorption lines of Ca H&K and NalD 
in the spectrum (3 A resolution) and detected the Ca H&K lines (see Fig. 3). The redshifts 
for Ca II K and for Ca II H are 0.0474 ± 0.0002 for each line. This compares well with the 
emission-line derived redshift of 0.0476 ± 0.0001 for Mrk 1456 from the SDSS database. 

The measured rest equivalent widths are 1.24 ± 0.15 A and 0.76 ± 0.20 A, respectively. 
Using the curve of growth method and the oscillator strength of Morton (2003) we derive 
log JV(Call) = 13.2 ± 0.3 using both lines. 

6. Discussion 

The characteristics of Mrk 1456 are interesting as it is both a star-forming galaxy and a 
quasar absorption-line system. Here, we discuss these characteristics and compare them to 
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SBS 1543+593, the only other DLA for which detailed studies of its emission and absorption 
properties have been carried out. 

6.1. Mrk 1456 as a star-forming galaxy 

Mrk 1456 is a SFG with the morphology of a late spiral. The SFR in the nucleus of 
Mrk 1456 is 0.1 M yr' 1 kpc~ 2 , while its global SFR is 0.008 M yr" 1 kpc~ 2 . The young 
stellar populations clearly dominate in the nucleus of Mrk 1456. Indeed, according to the 
definition of Balzano (1983), we may consider Mrk 1456 a starburst nuclear galaxy. Mrk 1456 
has also been classed a starburst nucleus by Stepanian (2005). 

Starburst nuclear galaxies show ionized gas in their inner regions which is characterized 
by low excitation, Contini et al. (2002), and a resulting high metallicity, Coziol et al. (1999). 
A comparison with the data of Contini et al. (2002) (shifted to our cosmology) shows that 
the nuclear O/H and N/O ratios of Mrk 1456 are typical of a starburst galaxy nucleus of 
its luminosity. Its N/O ratio is typical of its O/H ratio (Shi et al. 2005). Since Mrk 1456 
is an SDSS galaxy, it is expected to lie on the Tremonti et al. (2004) metallicity-luminosity 
relation. Figure 4 of Tremonti et al. illustrates the metallicity-luminosity distribution of 
SDSS galaxies and the differences in metallicity-luminosity calibrations that originate from 
choosing other galaxy samples. Mrk 1456 has a low metallicity for its luminosity, but lies, of 
course, within the SDSS galaxy distribution. Mrk 1456 appears to lie closer to the Contini 
et al. (2002) metallicity-luminosity relation for UV-selected and HII galaxies rather than 
on the SDSS relation. A possible interpretation is that Mrk 1456 is shifted to a brighter 
magnitude for its metallicity compared to normal spirals owing to the low M/L ratio of its 
newly formed stellar populations (Contini et al. 2002). 

Our abundance measurements reflect the nuclear abundances only; we do not have data 
in hand that would allow us to infer global abundances. Because spiral galaxies are known 
to exhibit radial abundance gradients with a negative slope that is particularly steep in late 
subtypes, Vila-Costas & Edmunds (1992), our values are expected to overestimate the global 
abundances of Mrk 1456, Kewley et al. (2005). The exact gradient applicable to the case of 
Mrk 1456 can only be determined with future, long-slit spectroscopy. 

6.2. Mrk 1456 as a QSO absorber and candidate DLA 

Studies of sightlines to QSOs enable us to probe the ISM of intervening galaxies. This 
technique has been exploited to help us better understand the ISM within our Galaxy (e.g., 
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Lauroesch et al. 1996; Savage et al. 2000). 

We detected Call absorption in the spectrum of the QSO SDSS J114719.90+522923.2 
at the wavelengths at which we expect them for Mrk 1456. This establishes Mrk 1456 as a 
Call absorber. 

Two properties strongly suggest that Mrk 1456 is also a DLA galaxy, namely, its strong 
Call K line and the small distance of the QSO from the center of the galaxy. 

Wild et al. (2006) have investigated calcium absorption line systems on the sightline 
of QSOs. They conclude that systems with EW(Ca II K A3935) > 0.68 A are a subset of 
the DLA population. For Mrk 1456, we measure a Ca K line EW of 1.24 ± 0.15 A. Thus, 
Mrk 1456 is highly likely to be DLA galaxy on accounts of the strength of the Ca absorption. 
Wild et al. surmise that the regions giving rise to strong Call absorption lines in galaxies 
are small, 7-8 h" 1 kpc. The impact parameter of SDSS J114719.90+522923.2 is 4.9 kpc, 
consistent with this inference. 

In their recent review, Wolfe et al. (2005) summarized the HI properties of spiral galaxies. 
The column densities decrease from N(HI) ~ 10 21 cm~ 2 in the center to N(HI) = 1.8 x 
10 20 cm~ 2 at about (1.5 ± 0.5)Rh where Rh is the Holmberg radius defined as the semi- 
major axis of the 26.5/^b isophote in the B-band. We used the SDSS measured values for the 
semi-major axis of the 25fi g isophote and the gradient along the major axis in the g-band in 
order to estimate the Holmberg radius for Mrk 1546. We find that the Holmberg radius is 
approximately 7.3arcsec. Since the sightline to the QSO is only 5.3arcsec from the center 
of the galaxy, the column density should exceed the defining DLA column density, and we 
may expect that Mrk 1456 is a DLA galaxy. 

We also used the SFR calculated from the Ha luminosity to estimate the nuclear HI 
column density of Mrk 1456 using Eq. 6 from Lanzetta et al. (2002) (which is the Schmidt 
law from Kennicutt 1998 but without the dust correction). Accordingly, the central column 
density is estimated to be N(HI) = 1.8 x 10 22 cur 2 . 

It is interesting to note that Rao et al. (2003) studied 14 DLA galaxies with redshifts 
between 0.05 and 1, and found that low-luminosity galaxies at small impact parameters 
dominate their sample. Being an L* galaxy, Mrk 1456 adds a possible data point at the 
high-luminosity end of the luminosity distribution of DLA galaxies. Rao et al. also draw 
attention to the fact that the highest column densities are observed in the galaxies with 
the lowest luminosities, which they attribute to a possible selection bias, such that bright 
galaxies with high column densities at small impact parameters are missing from the sample. 
They suggest that this could happen because the background QSO is dimmed too much by 
reddening when seen through the disk of a luminous galaxy. 
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An alternate explanation for the existence of a bias against luminous DLA galaxies may 
instead come about due to the fact that sightlines to QSOs that pass through disks of nearby 
and thus, extended foreground galaxies, have historically been missed because a standard 
cut that has been applied in the assemblage of pre-SDSS quasar catalogs has been that the 
object must appear stellar. 

Our predication that Mrk 1456 is a DLA galaxy can be tested with ultraviolet spec- 
troscopy of the QSO at the wavelength of the Lyman a line, or with 21-cm emission mapping 
of the galaxy. 

6.3. Comparison of Mrk 1456 and SBS 1543+593 

The chemical enrichment of the ISM of galaxies is a critical indicator of galaxy evolu- 
tion. In Fig. 4 we show with black squares, the [0/H]i, [S/H]i, and [Si/H]i ratios from the 
compilation of DLA metallicities by Prochaska et al. (2003), which represent our knowledge 
of cc/H ratios in the neutral gas at high redshift. 

In order to connect the metallicities of DLAs with those of luminous galaxies, we show 
with bright dots, [0/H]n ratios for high-redshift emission-line galaxies. The data are from 
Hoyos et al. (2005), Shapley et al. (2004), Steidel et al. (2004), Koo et al. (1994), Kobulnicky 
& Zaritsky (1999b), Lemoine-Busserolle et al. (2003), Rigopoulou et al. (2000), Maier et al. 
(2004), Maier et al. (2005), Contini et al. (2002), Cardiel et al. (2003), Teplitz et al. (2000), 
and Villar-Martm et al. (2004), and cover the redshift range from about 0.3 to 3. If these 
authors used the T e method or the Pettini & Pagel (2004) method to calculate O/H ratios, 
we used their values. Otherwise, to be consistent, we recalculated the O/H ratios from 
the original data using the Pettini & Pagel (2004) method, because different metallicity 
calibrations may yield different abundances (e.g., Shi et al. 2005). 

In order to extend the O/H ratios to low redshifts, we use the metallicities for SDSS 
HH-regions and SFGs galaxies from Schulte-Ladbeck et al. (2005), also calculated using the 
Pettini & Pagel method. In the local Universe, oxygen abundances have been determined 
using the direct or T e method. I Zw 18 is the local galaxy with the lowest oxygen abundance 
on record, —1.56 ±0.01 (Izotov & Tuan 1999). The local H II region with the highest known 
oxygen abundance, 0.2 ± 0.2, resides in NGC 1232 (Castellanos, Diaz & Terlevich 2002). 
These boundaries on the z ~ metallicities are indicated by dashed lines. 

Overplotted with a large square at a redshift of about 0.01, is the absorption-derived 
[S/H]i abundance of SBS 1543+593 (Schulte-Ladbeck et al. 2005). On top of that is found 
the emission-derived [0/H] n abundance calculated using Pettini & Pagel (2004), indicated 
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by a bright circle. The two measurements agree. 

The emission-line derived nuclear [0/H] n ratio of Mrk 1456 is shown as the large dot 
at a redshift of about 0.05. Because Mrk 1456 is much more luminous than SBS 1543+593, 
its oxygen abundance is higher than that of SBS 1543+594, and similar to that of other 
luminous SDSS galaxies at redshift 0.05. We do not know the absorption-derived abundance 
of Mrk 1456 because it has not been measured with ultraviolet spectroscopy. However, we 
can make some inferences based on its emission-line derived abundance. 

We have interpreted SBS 1543+593 as the "proof of concept" , showing that emission- 
and absorption-derived measurements in principle do yield consistent abundances of a ele- 
ments in the ISM of external galaxies (Schulte-Ladbeck et al. 2005). Based on this result, 
we predict that the a element abundances for Mrk 1456 measured from absorption-line 
spectroscopy, will give the same result as its emission-line derived one. 

In what follows, we consider that the value may actually turn out to be lower, because 
the emission-line derived O/H ratios of spiral galaxies decrease with radius and because the 
QSO sightline intercepts the galaxy at 70% of its radius. 

Local dwarf galaxies, in which multiple HII region abundances as a function of radius 
have been measured, appear to exhibit flat abundance gradients (Kobulnicky & Skillman 
1997). SBS 1435+593 is a dwarf galaxy. The sightline to the QSO intercepts the disk of 
SBS 1543+593 about 2.4arcsec (or 0.5h^Q kpc) to the N of the center of the galaxy. The 
HII region which was used to gauge the ionized gas-phase abundance, on the other hand, is 
located 14.7arcsec (or 2.9 kpc) to the S of the galaxy's center. Despite their different galac- 
ticentric distances, the two abundances agree, as expected based on our current knowledge 
of abundance gradients in dwarfs. 

In contrast, local giant galaxies, in which multiple HII region abundances as a function 
of radius have been measured, appear to exhibit negative abundance gradients (e.g. Vila- 
Costas & Edmunds 1992; Ferguson et al. 1998; Kewley et al. 2005, and references therein). 
In the case of Mrk 1456, the impact parameter of the QSO is 4.9 kpc. If we extrapolate 
the nuclear oxygen abundance of Mrk 1546 using the metallicity gradient of Ferguson et al. 
(1998), — 0.09 dex/kpc, we predict an oxygen abundance of [O/H] w —0.5 on the sightline 
of the QSO. This abundance is indicated by an x on Fig. 4. Doing the same for nitrogen 
over oxygen (average abundance gradient of —0.05 dex/kpc) we estimate [N/O] ~ 0.0 on the 
QSO sightline. 

Interestingly, the O/H ratio for the neutral ISM of the giant spiral Mrk 1456, estimated 
under the assumption of a steep radial abundance gradient, is very similar to the one we 
observe in the dwarf spiral SBS 1543+594. This would seem to support the conclusions 
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reached by Chen et al. (2005) that low-redshift DLA galaxies are drawn from the typical 
field population and not from a separate population of low-surface-brightness dwarfs, and 
that their low metallicities may arise naturally as a combination of gas cross section selection, 
which favors large radii, and metallicity gradients. 

We note that neither the abundance gradients of dwarf galaxies, nor those of spiral 
galaxies, have yet been probed with absorption-line spectroscopy. Only future ultraviolet 
spectroscopy can tell us the true absorption-line derived a element abundance on the sightline 
to SDSS J114719.90+522923.2. 

7. Conclusion 

Mrk 1456 is an L* spiral galaxy with a starburst nucleus. The emission-line spectrum 
of the nucleus yields a SFR of about O.7M /yr. The oxygen abundance in the warm ISM of 
Mrk 1456 is about solar, consistent with its luminosity. We predict that the oxygen (or sulfur) 
abundance in the ISM on the sightline to SDSS Jl 14719.90+522923.2 is either approximately 
solar, based on our observations of the SBS 1543+593-HS 1543+5921 galaxy-QSO pair, or 
it may be only about 30% solar if the galaxy exhibits a radial abundance gradient similar to 
that of local spirals. Future ultraviolet spectroscopy is needed to test these predictions. 

The sightline to the background QSO SDSS Jl 14719.90+522923.2 intercepts the disk 
of Mrk 1456 within its Holmberg radius. Detection of the Call H&K lines in the QSO's 
spectrum designates the galaxy a Call absorber. The small impact parameter of the QSO's 
sightline, 4.9 kpc, as well as the strength of the Call K absorption establish Mrk 1456 as 
an extremely likely candidate for a DLA galaxy. This prediction can be tested with future 
ultraviolet spectroscopy or with 21-cm mapping. Once proven to be a DLA galaxy, Mrk 1456 
will make an interesting, high-luminosity addition to the very small sample of low-redshift 
DLA galaxies (Chen et al. 2005; Rao et al. 2003). 
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Fig. 1. — SDSS r-band image of Mrk 1456 created using fits files from the SDSS homepage. 
The fibers for the spectroscopy are centered on the nucleus of the galaxy and on the QSO. 
The inserted white line (right upper corner) shows a trace of the image through the center 
of Mrk 1456 and the QSO. 
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Fig. 2. — The upper plot shows the SDSS spectrum of Mrk 1456 and the lower plot the 
spectrum of the QSO SDSS J114719.90+522923.2 from the SDSS. 
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Fig. 3. — Section of SDSS spectrum of the QSO from the SDSS homepage. The spectrum 
is smoothed with a boxcar of 3 pixel. We have labeled the calcium H & K absorption lines 
which are observed at a redshift of z=0.0474. 
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Fig. 4. — Metallicity as a function of redshift. The dot and cross at redshift 0.05 are the 
metallicity measured in the center of Mrk 1456 and the prediction to the sightline of the 
QSO if there is a metallicity gradient (see text for details). The big black square symbol 
and the dot at redshift 0.01 are the metallicity measured in the neutral gas phase and in 
the HII region #5 of SBS 1543+593 from Schulte-Ladbeck et al. (2005). Small dark squares 
illustrate the abundances of DLAs and small bright dots those of HH-regions and SFGs (see 
text for details). 
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Table 1: Emission line fluxes of Mrk 1456 in the SDSS spectrum. Errors are la measurement 
errors and upper limits are at 3a. We calculated dereddened luminosities using the reddening 
law of Cardelli et al. (1989). 



Species 


Ac 


measured 


dereddened 


Remark 






Flux 


Luminosity 






[A] 


10 -16 F_cr|J 
L em's J 


10 40 [2|£] 




[Oil] 


3728 


35.25 ±0.2 


11.0 ±4.0 




[SII] 


4068 


< 0.60 


< 0.17 




[SII] 


4076 


< 0.60 


< 0.17 




H<5 


4101 


1.48 ±0.2 


0.41 ±0.19 


[1] 


H 7 


4341 


4.00 ±0.2 


0.99 ±0.36 


[1] 


[OIII] 


4363 


< 0.50 


< 0.12 




H/3 


4862 


15.15 ±0.2 


3.02 ±0.86 


[1] 


[OIII] 


4959 


2.98 ±0.1 


0.57 ±0.19 




[OIII] 


5007 


9.33 ±0.1 


1.8 ±0.5 




Hel 


5877 


1.60 ±0.1 


0.24 ±0.07 


[2] 


[01] 


6300 


2.25 ±0.1 


0.31 ±0.08 




[SIII] 


6312 


0.26 ±0.1 


0.04 ±0.02 




[Nil] 


6548 


6.80 ±0.2 


0.90 ±0.20 


[3] 


Ha 


6563 


65.65 ±0.3 


8.64 ± 1.69 


[4] 


[Nil] 


6584 


19.40 ±0.3 


2.55 ±0.52 




[SII] 


6718 


13.30 ±0.2 


1.70 ±0.34 


[5] 


[SII] 


6732 


9.47 ±0.2 


1.2 ±0.3 


[5] 


[Oil] 


7320 


< 0.45 


< 0.05 




[Oil] 


7330 


< 0.45 


< 0.05 





[1] abs.±em. deblended with 2 Gaussians, [2] near abs. line, [3] 3 em. lines deblended, 
[4] and Ha abs. corrected, [5] deblended with a Gaussian 



